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Abstract
The aim of this study was to investigate the effects of melatonin and follicle-stimulating hormone (FSH) on the in vitro culture
of goat preantral follicles. Ovarian fragments were cultured for 7 d in -minimum essential medium (-MEM) containing
elatonin (100, 250, 500, or 1,000 pM), FSH (50 ng/mL), or a combination of the 2 hormones and further analyzed by histology
nd transmission electron and fluorescent microscopy. The results showed that after 7 d of culture, tissues cultured in -MEM
alone or supplemented with FSH alone, melatonin (500 and 1,000 pM), or the combination of FSH and melatonin (1,000 pM)
maintained percentages of normal preantral follicles similar to the fresh control. In contrast to the noncultured tissues, the
percentage of developing follicles was increased under all culture conditions after 7 d (P  0.05). The addition of 1,000 pM
melatonin associated with FSH to the culture medium increased follicular and oocyte diameters compared with -MEM alone
after 7 d of culture (P 0.05). Ultrastructural and fluorescent analyses confirmed the integrity of follicles cultured with 1,000 pM
of melatonin plus FSH for 7 d. In conclusion, this study demonstrated that the interaction between melatonin and FSH maintains
ultrastructural integrity and stimulates further growth of cultured caprine preantral follicles.
© 2013 Elsevier Inc.
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Mammalian folliculogenesis is a complex process
that involves changes in follicular morphology (i.e.,
oocyte growth and granulosa cell differentiation) [1].
Understanding the factors that initiate and control
preantral follicle development (primordial, primary,
and secondary follicles) is an important step toward
the establishment of an in vitro culture system that
allows activation and development to later-stage fol-
licles.
Among the well-known effects of gonadotropins
and a number of hormones/growth factors on follicle
development [2], melatonin has been highlighted as a
ossible paracrine factor involved with the control of
varian function [3]. Produced by the pineal gland
nd by various other organs such as the ovary, mela-
onin is a neurotransmitter classically involved with
he regulation of the hypothalamic-pituitary-gonadal
xis in photoperiodic species [4,5]. In addition to its
euroendocrine action, the presence of melatonin
eceptors in the ovarian follicular cells [6] and the
resence of high concentrations of melatonin in fol-
icular fluid [7] suggest a direct role for melatonin on
olliculogenesis. Furthermore, the in vitro culture of
solated mice secondary follicles in follicle-stimulat-
ng hormone (FSH)– based medium supplemented
ith melatonin increased the secretion of androstene-
ione and progesterone, eliciting an effect of mela-
onin on steroidogenesis [8].
In addition to the multiple physiological actions of
melatonin on reproduction, this hormone also plays an
important role as an indirect antioxidant and powerful
free radical scavenger with a beneficial effect during
porcine and bovine oocyte in vitro maturation [5,9,10].
Because in vitro handling and culture conditions
jeopardize ovarian cells and oocyte development
through the production of reactive oxygen species
(ROS) [11], it is rational to hypothesize that mela-
onin-supplemented culture medium could improve
he in vitro follicular growth. Although it is already
nown that melatonin has a beneficial effect on some
eproductive aspects, little is known about its effect
pon in vitro preantral follicular development in
ammals, including caprine, a species of great eco-
omic importance to the northeast region of Brazil.
herefore, the aim of the present study was to verify
hether different concentrations of melatonin alone
r in association with FSH have beneficial effects on
he survival, activation, and growth of caprine pre-
ntral follicles cultured in vitro.2. Materials and methods
2.1. Source of ovaries
This study was carried out in Fortaleza (3° 43= 47
outh and 38° 30= 37 west, Ceará, Brazil), during the
ainy season. Ovarian cortical tissues (n  10 ovaries)
ere collected at a local slaughterhouse from 5 adult (1
o 3 years old) nonpregnant mixed-breed goats (Capra
ircus). The animals were cyclic and in good body
ondition. Immediately postmortem, the ovaries were
ashed in 70% alcohol for 10 sec and then 2 times in
inimum essential medium (MEM) supplemented with
00 g/mL penicillin and 100 g/mL streptomycin.
airs of ovaries were transported within 1 h to the
aboratory in MEM at 4°C [12]. All chemicals used in
he present study were purchased from Sigma Chemical
o (St. Louis, MO) unless otherwise indicated.
.2. Experimental protocol
In the laboratory, ovarian cortex samples from each
varian pair were cut into 21 slices approximately 3 
mm (1 mm thick) in size using a needle and scalpel
nder sterile conditions. For each animal, 1 slice of
issue was randomly selected and immediately fixed for
istologic analysis (fresh control, d 0), whereas a
maller fragment (1 mm3) was cut from the previous
lice and subsequently fixed for ultrastructural exami-
ation. The remaining slices of ovarian cortex (20
lices) were cultured individually in 1 mL of culture
edium in 24-well culture dishes for 1 or 7 d; the
ulture conditions were 39°C in an atmosphere of 5%
O2 in air. The basic culture medium (cultured control),
referred to as -MEM, consisted of -MEM (pH 7.2 to
.4) supplemented with ITS (10 g/mL insulin, 5.5
g/mL transferrin, and 5.0 ng/mL sodium selenite), 0.23
mM pyruvate, 2 mM glutamine, 2 mM hypoxanthine, and
1.25 mg/mL bovine serum albumin. For the experimental
conditions, the medium was supplemented with melatonin
at different concentrations (100, 250, 500, or 1,000 pM),
FSH (50 ng/mL, porcine FSH, Stimufol, FSH:luteiniz-
ing hormone  20:1, donated by Dr J.F. Beckers,
Liége, Belgium), or a combination of the 2 substances.
Each treatment was repeated 5 times, thus using the
ovaries of 5 different animals. The culture medium was
stabilized at 39°C for 4 h prior to use and was replen-
ished every second day. The concentration of FSH used
in this work was chosen based on a previous study [13].
The concentration of melatonin (1,000 pM) used herein
was chosen based on previous studies that showed
satisfactory results after the in vitro oocyte maturation
in bovine [14] and porcine [15] studies. In addition to
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tions (100, 250, and 500 pM) of melatonin to provide a
dose-concentration curve, which had not been eluci-
dated yet.
2.3. Morphologic analysis and assessment of in vitro
follicular growth
Tissues from all treatments (fresh control or cultured
for 1 or 7 d) were fixed in Carnoy’s solution for 12 h
and then dehydrated in increasing concentrations of
ethanol. After being embedded in paraffin (Synth, São
Paulo, Brazil), the caprine tissue pieces were cut into
7-m sections, and every section was mounted on glass
slides and stained by periodic acid-Schiff-hematoxylin.
Follicle stage and survival were assessed microscopi-
cally on serial sections. Coded anonymized slides were
examined by microscopy (Nikon, Sendai, Japan) at
400 magnification.
The developmental stages of preantral follicles have
been defined previously as follows [16]: primordial (1
layer of flattened granulosa cells around the oocyte) or
growing follicles (intermediate: 1 layer of flattened to
cuboidal granulosa cells; primary: 1 layer of cuboidal
granulosa cells, and secondary: 2 or more layers of
cuboidal granulosa cells around the oocyte and no sign
of antrum formation). These follicles are classified in-
dividually as histologically normal when an intact
oocyte is present and surrounded by granulosa cells that
are well organized in 1 or more layers and have no
pyknotic nuclei (Fig. 1A). Atretic follicles were defined
as those with a retracted oocyte, pyknotic nucleus, or
disorganized granulosa cells detached from the base-
Fig. 1. Histologic sections (400) of ovarian fragments after periodic
degenerated (B) follicles after culture with 1,000 pM of melatonin p
GC, granulosa cell.ment membrane (Fig. 1B). Overall, 150 follicles were
evaluated for each treatment (30 follicles per treatment
replicate  5 replicates  150 follicles), totaling 3,150
preantral follicles.
To evaluate follicular activation (transition from pri-
mordial to growing follicles, when surrounding squa-
mous pregranulosa cells become cuboidal and begin to
proliferate) and growth, only morphologically normal
follicles with a visible oocyte nucleus (equatorial sec-
tion) were recorded, and the proportion of primordial
and growing follicles was calculated at d 0 (fresh con-
trol) and after 1 or 7 d of culture with treatment. In
addition, from the basement membrane, major and mi-
nor axes of each oocyte and follicle were measured
using a light microscope fitted with an eyepiece micro-
meter (Zeiss, Cologne, Germany) under 400 magni-
fication. The average of these 2 measurements was used
to determine the diameters of both the oocyte and the
follicle.
2.4. Ultrastructural analysis
For a better evaluation of follicular morphology,
ultrastructural studies were performed on fragments of
fresh control and treatment groups with the best results
obtained from histologic analysis after 7 d of culture.
Small pieces (1 mm3) of caprine ovarian tissues were
xed in 2% paraformaldehyde and 2.5% glutaraldehyde
n 0.1 M sodium cacodylate buffer (pH 7.2) for 4 h at
oom temperature (approximately 25°C). After fixation,
ragments were postfixed in 1% osmium tetroxide,
.8% potassium ferricyanide, and 5 mM calcium chlo-
ide in 0.1 M sodium cacodylate buffer for 1 h. Sub-
chiff-hematoxylin staining showing morphologically normal (A) and
ng/mL of follicle-stimulating hormone for 7 d. Nu, oocyte nucleus;acid-S
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4 R.M.P. Rocha et al. / Domestic Animal Endocrinology 44 (2013) 1–9sequently, the samples were dehydrated through a gra-
dient of acetone solutions, and the tissues were
embedded in Spurr. Semithin sections (3 m) were cut
on an ultramicrotome (Reichert Supernova, Heidelberg,
German) for light microscopy studies and stained with
toluidine blue. The ultrathin sections (60 to 70 nm)
were contrasted with uranyl acetate and lead citrate and
examined under a Jeol 1011 transmission electron mi-
croscope (Jeol, Tokyo, Japan). Parameters such as den-
sity and integrity of ooplasmic and granulosa cell or-
ganelles and vacuolization and integrity of basement,
oocyte, and nuclear membranes were evaluated. For
ultrastructural analysis, 3 to 5 follicles were examined
per group.
2.5. Assessment of preantral follicles by fluorescence
viability assay
Based on the results of the morphologic and ultra-
structural analysis, the viability of follicles cultured
with the concentration of melatonin with or without
FSH that maintained follicular morphology and ultra-
structural integrity was further analyzed using fluores-
cent probes. Additional pairs of ovaries (n  3) were
ollected from a slaughterhouse and then cut into frag-
ents at the laboratory. One fragment was immediately
rocessed for follicle isolation (fresh control), and the
emaining fragments were cultured for 7 d in basic
ulture medium (-MEM) or in the treatment group
hat provided the best outcome and then submitted to
solation. Fragments were processed for mechanical
solation using the method described by Lucci et al
17]. Briefly, using a tissue chopper (Mickle Laboratory
ngineering Co, Gomshal, Surrey, UK) adjusted for a
ectioning interval of 75 m, samples were cut into
small pieces. Next, the fragments were placed in MEM,
resuspended 40 times using a large Pasteur pipette
(approximate diameter 1,600 m), and resuspended
gain 40 times with a smaller Pasteur pipette (approx-
mate diameter 600 m) to dissociate preantral follicles
rom the stroma. The material obtained was passed
hrough 100-m nylon mesh filters, resulting in a sus-
ension containing preantral follicles 100 m in di-
ameter. This procedure was carried out at room tem-
perature within a 10-min time frame.
Preantral follicles (n  20, 10 follicles per treat-
ment) were analyzed using a 2-color fluorescence cell
viability assay based on the simultaneous detection of
live and dead cells with calcein-AM and ethidium ho-
modimer-1, respectively. Whereas the first probe de-
tects intracellular esterase activity in viable cells, the
latter labels nucleic acids in nonviable cells with tplasma membrane disruption. The test was performed
by adding 4 M calcein-AM and 2 M ethidium ho-
odimer-1 (Molecular Probes, Invitrogen, Eugene,
R) to a suspension of isolated follicles and incubating
hem at 37°C for 15 min. After being labeled, follicles
ere washed once by centrifugation at 100g for 5 min
nd resuspended in MEM. Cells were then mounted on
lass microscope slides in 5 L antifading medium
DABCO, Sigma, Deisenhofen, Germany) to prevent
hotobleaching and examined using a fluorescence mi-
roscope (Nikon Eclipse 80i, Tokyo, Japan). The fluo-
escent signals from calcein-AM and ethidium ho-
odimer-1 were collected at 488 and 568 nm,
espectively. Oocytes and granulosa cells were consid-
red viable if their cytoplasm was positive for cal-
ein-AM (green) and their chromatin was negative for
thidium homodimer-1 (red).
.6. Statistical analysis
Percentages of morphologically normal, primordial,
nd developing follicles after 1- or 7-d culture were
nitially subjected to Smirnov-Kolmogorov and Bartlett
ests to confirm normal distribution and homogeneity of
ariance, respectively. An analysis of variance test was
hen carried out using the GLM procedure of SAS
1997), and the Dunnett test was applied for compari-
on of each treatment tested against the control groups
control and -MEM). When treatment by time inter-
ction was significant, Student’s Newman Keuls test
as used to compare different concentrations of mela-
onin and days of culture. In all cases, differences were
onsidered statistically significant when P  0.05. The
esults were expressed as the mean  standard error of
eans (SEM).
. Results
.1. Caprine preantral follicle survival after culture
The percentages of morphologically normal prean-
ral follicles in noncultured tissues (control) and after 1
r 7 d of culture are shown in Table 1. After 7 d of
ulture, all treatments resulted in similar percentages of
orphologically normal follicles to fresh control, ex-
ept when follicles were cultured with lower melatonin
oncentrations (100 and 250 pM) alone or in combina-
ion with FSH or with the combination of 500 pM of
elatonin and FSH. With the progression of the culture
eriod from 1 to 7 d, no change in the percentage of
orphologically normal follicles was observed be-ween treatments analyzed (P  0.05).
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cortical fragments
The percentage of morphologically normal primor-
dial and growing follicles (intermediate, primary, and
secondary) in fresh tissue or in tissues cultured for 1 or
7 d with different treatments is shown in Figs. 2 and 3.
Fresh ovarian tissues predominantly contained primor-
dial (55.88%) and growing (44.12%) follicles. Under
all culture conditions, after 7 d of culture, a significant
reduction in the percentage of primordial follicles was
observed concomitant with an increase (P  0.05) in
he percentage of developing follicles compared with
he fresh control. In addition, no significant influence of
elatonin on the percentage of developing follicles was
Table 1
Percentages of morphologically normal caprine preantral follicles an
control (uncultured) and 1- or 7-d cultured tissue in medium contain
Fresh control Follicle survival (%) Folli
79.31  10.36 34.9
Treatment D1 D7 D1
-MEM 75.97  4.38 61.99  1.70 33.8
FSH 69.31  5.31 62.65  2.45 34.1
M100 66.65  4.58 58.65  4.29c 32.8
M250 74.64  6.55 56.63  6.41c 34.0
M500 63.31  9.94 62.65  5.9 33.8
M1000 77.30  5.30 69.97  1.82 34.1
M100F 72.64  4.12 57.33  2.66c 33.4
M250F 53.31  5.97 54.67  2.24c 31.7
M500F 71.31  6.55 59.98  3.79c 33.0
M1000F 74.64  6.78 62.64  4.87 31.7
-MEM, -minimum essential medium.
a,b Differs significantly with the progression of the culture period fr
c Differs significantly from fresh control (P  0.05).
d Differs significantly from -MEM on each day of culture (P 
Fig. 2. Percentages (mean  SEM) of primordial follicles in the f
containing melatonin or follicle-stimulating hormone (FSH). *Diffe
ignificant differences between culture periods within each treatment groupbserved after 7 d when compared with tissues cultured
n -MEM alone (P  0.05). With the progression of
he culture period from 1 to 7 d, we observed an
ncrease (P  0.05) in the percentage of developing
ollicles under all culture conditions, except when fol-
icles were cultured with 500 pM of melatonin or its
ombination with FSH.
.3. Evaluation of oocyte and follicle diameter in
resh and cultured tissue
Follicle and oocyte diameters were measured and
he results are shown in Table 1. After 1 or 7 d of
ulture for all treatments, mean follicular and oocyte
iameters were similar to that of uncultured control
follicular and oocyte diameter (mean  SEM) in the fresh
latonin or follicle-stimulating hormone (FSH).
eter (m) Oocyte diameter (m)
4 26.60  2.95
D7 D1 D7
8a 34.11  2.14a 24.92  1.41a 25.14  1.75a
2a 34.54  2.08a 25.36  1.54a 26.75  1.78a
9a 34.62  2.07a 25.07  1.71a 25.80  1.55a
7a 33.23  1.77a 25.29  1.97a 24.49  1.47a
2a 34.69  1.76a 25.58  1.77a 27.18  1.84a
3a 34.69  2.55a 25.22  1.88a 27.26  1.94a
9a 32.43  1.24a 25.14  1.36a 26.38  1.11a
3a 33.38  1.93a 23.47  1.39a,c 25.07  1.45a
4a 32.36  1.99a 25.36  1.39a 24.49  1.67a
8b 38.26  2.10d.a 23.76  1.08b 28.35  1.71d.
to 7 in the same treatment within a row (P  0.05).
ntrol (noncultured tissue) and 1- or 7-d cultured tissue in medium
ificantly from fresh control (P  0.05). a,bDifferent letters denoted mean
ing me
cle diam
1  3.9
2  1.9
1  1.6
7  1.9
3  2.2
9  2.3
1  2.0
5  2.1
0  2.1
9  1.9
0  1.3
om d 1resh co
rs sign(P  0.05). -MEM, -minimum essential medium.
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6 R.M.P. Rocha et al. / Domestic Animal Endocrinology 44 (2013) 1–9tissue (P  0.05). However, after 1 d of culture, a
significant reduction in oocyte diameter was ob-
served when tissues were cultured in 250 pM of
melatonin and FSH compared with the fresh control.
After 7 d of culture, the combination of 1,000 pM of
melatonin and 50 ng/mL of FSH increased (P 
0.05) follicular and oocyte diameters when compared
with -MEM alone. When comparing the culture
periods (1 or 7 d), only treatment with melatonin
(1,000 pM) and FSH significantly increased follicu-
lar and oocyte diameters.
3.4. Ultrastructural features of cultured follicles
To better evaluate follicular integrity, ultrastructural
analysis was carried out on fresh tissues and tissues
Fig. 3. Percentages (mean  SEM) of developing follicles in the f
ontaining melatonin or follicle-stimuating hormone (FSH). *Diffe
significant differences between culture periods within each treatmen
Fig. 4. Electron micrographs of ultrastructurally normal preantral
of culture in -minimum essential medium (-MEM) suppleme
ormone (FSH) (B, original magnification 12,000; C, original m
embranes, nuclei with decondensed chromatin, and granulosa c
he vesicles and organelles, predominantly mitochondria, that are u
ocyte nucleus; m, mitochondria.cultured for 7 d with 1,000 pM of melatonin plus 50
ng/mL of FSH, the treatment that yielded the best
results according to the previous histologic analysis
(growth of caprine preantral follicles compared with
-MEM). The follicles from fresh control tissue (Fig.
A) and tissue cultured for 7 d with melatonin and FSH
Fig. 4B and C) exhibited large oocytes, intact base-
ent and nuclear membranes, nuclei with decondensed
hromatin, and uniform distribution of vesicles and
rganelles such as smooth and rough endoplasmic re-
icula. Granulosa cells were normal, with elongated
uclei and a high nucleus:cytoplasm ratio. In addition,
oth rounded and elongated mitochondria were the
ost predominant organelles observed in oocytes and
ranulosa cells.
ntrol (noncultured tissue) and 1- or 7-d cultured tissue in medium
ificantly from fresh control (P  0.05). a,bDifferent letters denote
(P  0.05). -MEM, -minimum essential medium.
s before (A, original magnification 10,000) and after (B, C) 7 d
ith 1,000 pM of melatonin plus 50 ng/mL of follicle-stimulating
cation 20,000). Note in A and B the intact oocyte and nuclear
h elongated nuclei and high nucleus:cytoplasm ratios. In C, note
ly distributed in the cytoplasm. GC, granulosa cell; O, oocyte; Nu,resh co
rs signfollicle
nted w
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Preantral follicles (n  10) were analyzed after 7 d
of culture in -MEM alone or supplemented with
,000 pM of melatonin plus 50 ng/mL of FSH. After
his qualitative analysis, all follicles (100%) in treat-
ent with 1,000 pM of melatonin with FSH remained
iable and were stained green by calcein-AM assays
Fig. 5B), confirming that this treatment was able to
aintain follicular viability. In contrast, degenerated
ollicles were found and labeled with ethidium ho-
odimer-1 (red fluorescence) after 7 d of culture in
-MEM alone (Fig. 5D).
. Discussion
The present study demonstrated for the first time the
ffects of melatonin alone or in association with FSH
n the survival, activation, and growth of caprine pre-
ntral follicles cultured in vitro for 7 d. Although the
resence of melatonin in caprine follicular fluid has not
een documented, we choose the dose-concentration
urve (100 to 1,000 pM) based on previous studies with
n vitro oocyte maturation [14,15].
In our study, the addition of FSH or melatonin to the
Fig. 5. Assessment of the viability of caprine preantral follicles usi
medium supplemented with 1,000 pM of melatonin and 50 ng/mL
labeled with calcein-AM (green fluorescence). (C, D) Preantral follic
onviable because cells were positive for ethidium homodimer-1 (reulture medium did not significantly affect the percent-ge of normal follicles as well as primordial follicle
ctivation when compared with the control medium
-MEM). Previous studies performed by our group
emonstrated that the addition of growth and differen-
iation factor-9 [18], epidermal growth factor [19], and
it ligand [20] to the culture medium (basic medium,
EM) had a significant and positive effect on the
ercentage of morphologically normal follicles as well
s on follicular activation. On the other hand, recent
orks from our group showed that medium (basic me-
ium, -MEM) supplementation with nerve growth
actor [21] and keratinocyte growth factor [22] did not
improve follicular survival and activation, as observed
in the present study. These differences may be caused,
in part, by the type of MEM used in the basic culture
medium. -MEM is the richest formulation of MEM,
omposed of 21 essential amino acids, vitamins, inor-
anic salts, and pyruvate. Furthermore, other sub-
tances and energetic substrates like hypoxanthine and
lutamine, which were added to our culture medium,
re important for maintaining caprine preantral follicle
urvival after in vitro culture in -MEM [16].
An important finding of the present study was the
demonstration of the positive dose-dependent effect of
rescent probes. (A, B) Treated preantral follicle cultured for 7 d in
le-stimulating hormone and classified as viable because cells were
red for 7 d in -minimum essential medium alone and classified as
scence).ng fluo
of follic
le cultumelatonin associated with FSH on follicular and oocyte
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8 R.M.P. Rocha et al. / Domestic Animal Endocrinology 44 (2013) 1–9growth. Little is known about the influence of mela-
tonin on preantral follicle development. The hypothesis
that melatonin could regulate follicular development is
supported by the presence of melatonin receptors (MT1
and MT2) in bovine and porcine ovarian cells [5,10]
and the detection of high melatonin concentrations in
porcine follicular fluid [15]. Moreover, its action as an
antioxidant [9] can improve preantral follicle growth
through the protection of follicular cells against damage
caused by ROS formed during in vitro culture. The
modulation of growth factor expression by melatonin
might also support follicular development. For exam-
ple, melatonin (0.01 to 10 g/mL) stimulates insulin-
like growth factor-I (IGF-I) production in cultured hu-
man granulosa cells [23]. IGF-I is a mitogenic peptide
that stimulates DNA synthesis and estradiol and pro-
gesterone secretion by human granulosa cells [24]. As
an indirect effect of melatonin, increasing IGF-I ex-
pression and the resulting granulosa cell proliferation
could explain the follicular growth observed in the
present study. IGF-I has been shown to stimulate in
vitro growth of human [25], cattle [26], and rat follicles
[27] synergistically with FSH. Furthermore, FSH stim-
ulates cell proliferation, and the FSH receptor is simi-
larly found in granulosa cells of follicles from the
primary stage onward [28]. Although FSH receptors are
not present in primordial follicles, FSH seems to play
an indirect role in early follicular development through
the release of paracrine factors produced by the larger
follicles or by ovarian stroma cells [29]. Studies per-
formed by our group demonstrated that the addition of
FSH (50 ng/mL) and ascorbic acid (50 g/mL) to the
ulture medium of caprine preantral follicles promoted
significant increase in oocyte and follicular diameter
fter 7 d of culture [30].
Ultrastructural analysis is considered an important
ool because it provides more information about the
ollicular and oocyte quality, and it is able to reveal
hanges in cellular organelles and ultrastructural
hanges, including modifications in the nuclear mem-
rane [31]. Using accurate methods for the evaluation
f follicular viability including transmission electron
icroscopy and fluorescence microscopy [21,32,33],
e clearly demonstrated that follicular and oocyte
rowth were associated with follicular viability. Nor-
al follicles had an ultrastructure similar to that previ-
usly described for goats [34]. The preservation of
ollicular survival (viability and ultrastructure) might
e a result of the antioxidant action of melatonin. The
ddition of antioxidants to the culture medium is im-
ortant to avoid cellular damage (loss of membranentegrity, structural or functional changes in proteins,
nd damage in nucleic acids) caused by the excessive
roduction of ROS. Melatonin was found to scavenge
xygen- and nitrogen-based reactants in several subcel-
ular organelles [35]. In addition, it suppresses the ox-
dative effect indirectly by enhancing the production of
ndogenous antioxidants, such as superoxide dismu-
ase, glutathione peroxidase, and catalase.
In conclusion, we demonstrated that 1,000 pM of
elatonin combined with FSH plays an important role
n early folliculogenesis in goats, promoting follicular
rowth after 7 d of culture. In addition, the interaction
f the 2 hormones (melatonin and FSH) positively
nfluenced the maintenance of ultrastructural integrity
nd viability of caprine preantral follicles in vitro for up
o 7 d. These results provide a foundation for future
tudies aimed at growing caprine oocytes and follicles
rom the earliest (primordial) follicle stage up to the
reovulatory stage, when oocytes can be matured and
ertilized in vitro.
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